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Abstract of JP20021 64065 

PROBLEM TO BE SOLVED: To control the 
operation of a fuel cell by detecting a wet 
condition without providing each cell of a fuel- 
cell stack with a reference electrode. 
SOLUTION: A hydrogen-containing gas and 
air humidified by a humidifier 3 are supplied to 
the fuel-cell stack 4 from the right side in the 
figure. A cooling system 12 is comprised of a 
cooling water pump 7 for circulating cooling 
water, a radiator for radiating the heat of the 
cooling water to the outside or a pair 8 of a 
radiator and radiator fan, a four-way valve 9 for 
reversing the direction of the cooling water 
flowing in the stack 4, and a thermometer 10 
for measuring the cooling water temperature. 
The cooling system 12 causes the cooling 
water to flow into the stack 4 from the left side 
when the cell voltage is measured for 
determination of a wet condition, so as to form 
a relative humidity distribution in the direction 
of alignment of the cells. A control device 1 1 
determines the wet condition based on the 
distribution of cell voltages between the cells 
with low relative humidity and the cells with 
high relative humidity. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] An electrical-potential-difference detection means to detect the 
electrical potential difference of at least two eels chosen from two or more eels 
which constitute a fuel cell stack. The humidity distribution means forming which 
forms relative humidity distribution of fuel gas and oxidation gas in the eel array 
direction of a fuel cell stack at least at the time of the eel electrieal-potential- 
difference detection by said electrical-potential-differenee detection means, The 
fuel cell with which relative humidity is characterized by having investigated the 
distribution of voltage for every eel which said electrical-potential-difference 
detection means detected, and having a damp or wet condition judging means to 
judge with the humidity of a fuel cell being inadequate when low, compared with the 
electrical potential difference of a eel with the high electrical potential difference 
of a eel with low relative humidity. 

[Claim 2] Said humidity distribution means forming is the fuel cell according to 
claim 1 characterized by to be changing to hard flow at the time of the eleetrieal- 
potential-differenee detection by said eleetrieal-potential-differenee detection 
means for the damp-or-wet-eondition judging by said damp-or-wet-eondition 
judging means, and to be a cooling means form relative-humidity distribution of fuel 
gas and oxidation gas in the eel array direction of a fuel cell stack while usually 
making the inflow direction and the cooling-water inflow direction of fuel gas and 
oxidation gas of a fuel cell stack into this direction at the time of operation. 
[Claim 3] Said humidity distribution means forming is a fuel cell according to claim 
1 which always makes hard flow the inflow direction and the cooling water inflow 
direction of a fuel cell stack of fuel gas and oxidation gas, and is characterized by 
being a cooling means to form relative humidity distribution of fuel gas and 
oxidation gas in the eel array direction of a fuel cell stack. 

[Claim 4] An electrieal-potential-differenee amperometry means to measure the 
electrical potential difference and current under fuel cell stack operation. An 
internal resistance presumption means to presume the internal resistance value of 
a fuel cell stack based on the volt ampere characteristic which this electrical- 
potential-difference amperometry means measured, The fuel cell characterized by 
having a damp or wet condition judging means to judge the damp or wet condition 
of a fuel cell based on the comparison with the certified value beforehand 
remembered to be said presumed internal resistance value, and a load limitation 
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means to restrict the output of a fuel cell when it judges with this damp or wet 
condition judging means of humidity being inadequate. 

[Claim 5] The fuel cell according to claim 4 characterized by having further a 
thermometry means to measure the temperature of a fuel cell, and a certified 
value modification means to change said certified value based on the measured 
temperature. 

[Claim 6] The fuel cell characterized by to have an influent daily dose detection 
means detect the moisture content of the fuel gas which flows into a fuel cell 
stack, and oxidation gas, an effluent daily dose detection means detect the 
moisture content of the fuel gas which flows out of a fuel cell stack, and oxidation 
gas, a generation moisture content presumption means presume the moisture 
content generated inside the fuel cell stack, and a damp-or-wet-condition judging 
means judge the damp or wet condition of a fuel cell based on said moisture 
content, influent daily dose, and effluent daily dose which were generated. 
[Claim 7] The fuel cell of claim 1 characterized by having further a load limitation 
means to restrict the output of a fuel cell when it judges with said damp or wet 
condition judging means of humidity being inadequate thru/or claim 6 given in any 1 
term. 

[Claim 8] Like the humidity distribution formation fault which forms relative 
humidity distribution of fuel gas and oxidation gas in the eel array direction of a 
fuel cell stack The electrical-potential-difference detection process in which the 
electrical potential difference of at least two eels chosen from two or more eels 
which constitute a fuel cell stack is detected. When the distribution of voltage for 
every eel was investigated, and low [ compared with the electrical potential 
difference of a eel with high relative humidity ] and the electrical potential 
difference of a eel with low relative humidity judges with humidity being inadequate 
in the damp or wet condition judging process judged as the humidity of a fuel cell 
being inadequate, and said damp or wet condition judging process. The operating 
method of the fuel cell characterized by having the load limitation process in which 
the output of a fuel cell is restricted. 

[Claim 9] The electrical-potential-difference amperometry process which 
measures the electrical potential difference and current under fuel cell stack 
operation. The internal resistance presumption process in which the internal 
resistance value of a fuel cell stack is presumed based on said measured volt 
ampere characteristic, When it judges with humidity being inadequate based on the 
comparison with the certified value beforehand remembered to be said presumed 
internal resistance value in the damp or wet condition judging process in which the 
damp or wet condition of a fuel cell is judged, and said damp or wet condition 
judging process, The operating method of the fuel cell characterized by having the 
load limitation process in which the output of a fuel cell is restricted. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell which can be built 
over the fuel cell of a solid oxide type, and its operating method, especially can 
control the humidity of an electrode or an electrolyte membrane appropriately, and 
its operating method, 
[0002] 

[Description of the Prior Art] The fuel cell technique attracts attention to the 
environmental problem in recent years, especially the problem of the global 
warming by the air pollution by exhaust gas and the carbon dioxide of an 
automobile as the power source which makes possible clean exhaust air and high 
energy efficiency, or a source of power 

[0003] The single eel of a fuel cell joins the electrode which includes a catalyst in 
the both sides of the electrolyte membrane which is an ion conductor, and is 
constituted. And fuel gas, oxidation gas, for example, the gas containing hydrogen, 
and air are supplied to two electrodes, respectively. In the anode (fuel electrode) 
to which hydrogen is supplied, hydrogen ionizes into a hydrogen ion and an 
electron. In an electron, return and a hydrogen ion arrive at an anode plate through 
an electrolyte membrane at a cathode (air pole) through an external circuit. In the 
cathode to which the oxygen in air is supplied, a hydrogen ion, oxygen, and an 
electron react and water is generated. 

[0004] The stack structure which it usually accumulated two or more eels with 
about 1.2 V since the theoretical electromotive force of the single eel of a fuel cell 
was low, and was made into series connection is used. The solid-state 
polyelectrolyte mold fuel cell which has high power density especially also in a fuel 
cell attracts attention as sources for mobiles of power, such as an automobile. 
[0005] In operation of such a fuel cell, an important point is keeping proper the 
damp or wet condition of an electrode catalyst and the solid-state polyelectrolyte 
film. If these tend to dry, ionic conductivity will fall and the internal resistance as a 
power plant will increase. If humidity passes with the generation water by the 
reaction of hydrogen and oxygen etc., the effective electrode surface product 
which incorporates gas will decrease, and the output current will decrease. 
[0006] It considers as the technique which controls the damp or wet condition of 
the electrode in the conventional fuel cell, and the solid-state polyelectrolyte film 
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proper, and the technique given in JPJ-22047,A is known. According to this 
conventional technique, the reference electrode in which the reference potential 
stabilized in the fuel cell is shown was prepared, the anode of a eel to this 
reference electrode and the potential of a cathode were measured, and the amount 
of humidification of fuel gas or oxidation gas was adjusted based on this potential. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned 
conventional technique had become the configuration of measuring the potential of 
the anode to the reference electrode in a fuel cell, and a cathode, there was a 
trouble that application was impossible in the fuel cell which does not have the 
reference electrode. 

[0008] Moreover, since the above-mentioned conventional technique had become 
the configuration of judging the excess of moisture, or desiccation of the film, by 
change of the anode to the output current, and cathode potential, when the above 
output current was not pulled out to some extent, a unique reaction was not seen 
but it had the trouble that the judgment of a damp or wet condition was difficult. 
[0009] Furthermore, since both the excess of moisture and desiccation of the film 
may become a cause when the singularity of potential change is accepted in an 
anode and cathode two poles, the above-mentioned conventional: technique 
requires time amount for both distinction. It was specifically once made dryness, 
and after measuring the potential change, since both distinction was judged, the 
trouble that immediate output recovery was difficult was for the first time. 
[0010] It is offering the fuel cell which detects a damp or wet condition and can 
control operation, and its operating method, without the purpose of this invention 
preparing a reference electrode in each eel of a fuel cell in view of the above 
trouble. 

[001 1] Moreover, especially the purpose of this invention is offering the fuel cell 
which can judge a damp or wet condition easily, and its operating method, without 
pulling out the output current of a fuel cell. 

[0012] Furthermore, the purpose of this invention is offering the fuel cell which can 
judge easily whether it having changed in hydration or which direction of 
desiccation from the proper damp or wet condition, and its operating method. 
[0013] 

[Means for Solving the Problem] An electrical-potential-difference detection 
means to detect the electrical potential difference of at least two eels chosen 
from two or more eels which constitute a fuel cell stack in order that invention 
according to claim 1 might solve the above-mentioned technical problem. The 
humidity distribution means forming which forms relative humidity distribution of 
fuel gas and oxidation gas in the eel array direction of a fuel cell stack at least at 
the time of the eel electrical-potential-difference detection by the electrical- 
potential-difference detection means, Relative humidity is the fuel cell which 
makes it a summary to have investigated the distribution of voltage for every eel 
which the electrical-potential-difference detection means detected, and to have 
had a damp or wet condition judging means to judge with the humidity of a fuel cell 
being inadequate when low compared with the electrical potential difference of a 
eel with the high electrical potential difference of a eel with low relative humidity. 



http://www4.ipdl.inpit.goJp/cgi-bin/tran_web_cgi_eije 



2007/10/25 



JP.2002-164065,A [DETAILED DESCRIPTION] 



3/12 ^— V 



[0014] Invention according to claim 2 is set to a fuel cell according to claim 1 in 
order to solve the above-mentioned technical problem. Said humidity distribution 
means forming While usually making the inflow direction and the cooling water 
inflow direction of a fuel cell stack of fuel gas and oxidation gas into this direction 
at the time of operation Let it be a summary to be a cooling means to form relative 
humidity distribution of fuel gas and oxidation gas in the eel array direction of a 
fuel cell stack by changing to hard flow at the time of the electrical-potential- 
difference detection by said electrical-potentiahdifference detection means for 
the damp or wet condition judging by said damp or wet condition judging means. 
[0015] In order that invention according to claim 3 may solve the above-mentioned 
technical problem, in a fuel cell according to claim 1, said humidity distribution 
means forming always makes hard flow the inflow direction and the cooling water 
inflow direction of a fuel cell stack of fuel gas and oxidation gas, and makes it a 
summary to be a cooling means to form relative humidity distribution of fuel gas 
and oxidation gas in the eel array direction of a fuel cell stack. 
[0016] An electrical-potential-difference amperometry means to measure the 
electrical potential difference and current under fuel cell stack operation in order 
that invention according to claim 4 may solve the above-mentioned technical 
problem. An internal resistance presumption means to presume the internal 
resistance value of a fuel cell stack based on the volt ampere characteristic which 
this electrical-potential-difference amperometry means measured, It is the fuel cell 
which makes it a summary to have had a damp or wet condition judging means to 
judge the damp or wet condition of a fuel cell, based on the comparison with the 
certified value beforehand remembered to be this presumed internal resistance 
value. 

[0017] Invention according to claim 5 makes it a summary to have had further a 
thermometry means to measure the temperature of a fuel cell, and a certified 
value modification means to change said certified value based on the measured 
temperature in a fuel cell according to claim 4 in order to solve the above- 
mentioned technical problem. 

[0018] An influent daily dose detection means to detect the moisture content of 
the fuel gas which flows into a fuel cell stack, and oxidation gas in order that 
invention according to claim 6 may solve the above-mentioned technical problem. 
An effluent daily dose detection means to detect the moisture content of the fuel 
gas which flows out of a fuel cell stack, and oxidation gas, It is the fuel cell which 
makes it a summary to have had a generation moisture content presumption 
means to presume the moisture content generated inside the fuel cell stack, and a 
damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell based on said moisture content, influent daily dose, and effluent daily dose 
which were generated. 

[0019] When it judges with said damp or wet condition judging means of humidity 
being inadequate in the fuel cell of claim 1 thru/or claim 6 given in any 1 term, 
invention according to claim 7 makes it a summary to have had further a load 
limitation means to restrict the output of a fuel cell, in order to solve the above- 
mentioned technical problem. 

[0020] Invention according to claim 8 like the humidity distribution formation fault 
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which forms relative humidity distribution of fuel gas and oxidation gas in the eel 
array direction of a fuel cell stack in order to solve the above-mentioned technical 
problem The electrical-potential-difference detection process in which the 
electrical potential difference of at least two eels chosen from two or more eels 
which constitute a fuel cell stack is detected, When the distribution of voltage for 
every eel was investigated, and low [ compared with the electrical potential 
difference of a eel with high relative humidity ] and the electrical potential 
difference of a eel with low relative humidity judges with humidity being inadequate 
in the damp or wet condition judging process judged as the humidity of a fuel cell 
being inadequate, and this damp or wet condition judging process, It is the 
operating method of the fuel cell which makes it a summary to have had the load 
limitation process in which the output of a fuel cell was restricted. 
[0021] The electrical-potential-difference amperometry process which measures 
the electrical potential difference and current under fuel cell stack operation in 
order that invention according to claim 9 may solve the above-mentioned technical 
problem. The internal resistance presumption process in which the internal 
resistance value of a fuel cell stack is presumed based on this measured volt 
ampere characteristic. When it judges with humidity being inadequate based on the 
comparison with the certified value beforehand remembered to be this presumed 
internal resistance value in the damp or wet condition judging process in which the 
damp or wet condition of a fuel cell is judged, and this damp or wet condition 
judging process. It is the operating method of the fuel cell which makes it a 
summary to have had the load limitation process in which the output of a fuel cell 
was restricted. 
[0022] 

[Effect of the Invention] An electrical-potential-difference detection means to 
detect the electrical potential difference of at least two eels which were chosen 
from two or more eels which constitute a fuel cell stack according to invention 
according to claim 1, The humidity distribution means forming which forms relative 
humidity distribution of fuel gas and oxidation gas in the eel array direction of a 
fuel cell stack at least at the time of the eel electrical-potential-difference 
detection by said electrical-potential-difference detection means, Since the 
distribution of voltage for every eel which said electrieal-potential-difference 
detection means detected was investigated, and the electrical potential difference 
of a eel with low relative humidity was equipped with a damp or wet condition 
judging means to judge with the humidity of a fuel cell being inadequate when low 
compared with the electrical potential difference of a eel with high relative 
humidity The effectiveness that it can judge correctly whether hydration or the 
moisture of the damp or wet condition of a fuel cell is insufficient based on the 
measurement result of the electrical potential difference of a eel with high relative 
humidity and the electrical potential difference of a eel with low relative humidity is 
done SO- Moreover, since the judgment of a damp or wet condition becomes exact, 
an unnecessary hydrogen purge is reduced and the effectiveness of improving the 
fuel consumption of a fuel cell is done so. 

[0023] According to invention according to claim 2, to an effect of the invention 
according to claim 1 in addition, said humidity distribution means forming While 
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usually making the inflow direction and the cooling water inflow direction of a fuel 
cell stack of fuel gas and oxidation gas into this direction at the time of operation 
By changing to hard flow at the time of the electrical-potential-difference 
detection by said electrical-potential-difference detection means for the damp or 
wet condition judging by said damp or wet condition judging means Since it is a 
cooling means to form relative humidity distribution of fuel gas and oxidation gas in 
the eel array direction of a fuel cell stack Usually, the effectiveness that an exact 
damp or wet condition can be judged is done so, without forming relative humidity 
distribution of the both sides of relative humidity distribution suitable at the time of 
operation and relative humidity distribution suitable at the time of a damp or wet 
condition judging, and usually reducing the generating efficiency at the time of 
operation. 

[0024] According to invention according to claim 3, to an effect of the invention 
according to claim 1 in addition, said humidity distribution means forming Since the 
inflow direction and the cooling water inflow direction of a fuel cell stack of fuel 
gas and oxidation gas were always made into hard flow and it is a cooling means to 
form relative humidity distribution of fuel gas and oxidation gas in the eel array 
direction of a fuel cell stack The effectiveness that an exact damp or wet 
condition can be judged is done so, without preparing the cooling [water inflow 
direction change function, and complicating a cooling means. 
[0025] An electrical-potential-difference amperometry means to measure the 
electrical potential difference and current under fuel cell stack operation according 
to invention according to claim 4, An internal resistance presumption means to 
presume the internal resistance value of a fuel cell stack based on the volt ampere 
characteristic which this electrical-potential-difference amperometry means 
measured. The effectiveness that a damp or wet condition can be judged is done 
so, without forming relative humidity distribution in a fuel cell stack, since it had a 
damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell, based on the comparison with the certified value beforehand remembered to 
be said presumed internal resistance value. 

[0026] Since it had [ according to invention according to claim 5 ] further a 
thermometry means to measure the temperature of a fuel cell, and a certified 
value modification means to change said certified value based on the measured 
temperature in addition to the effect of the invention according to claim 4, even if 
the operating temperature of a fuel cell has change, the effectiveness that an 
exact damp or wet condition judging can be performed is done so. 
[0027] An influent daily dose detection means to detect the moisture content of 
the fuel gas which flows into a fuel cell stack, and oxidation gas according to 
invention according to claim 6, An effluent daily dose detection means to detect 
the moisture content of the fuel gas which flows out of a fuel cell stack, and 
oxidation gas. By having had a generation moisture content presumption means to 
presume the moisture content generated inside the fuel cell stack, and a damp or 
wet condition judging means to judge the damp or wet condition of a fuel cell based 
on said moisture content, influent daily dose, and effluent daily dose which were 
generated The change hysteresis of the moisture content inside a fuel cell stack is 
pursued correctly, and the effectiveness that the damp or wet condition of a fuel 
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cell can be judged correctly is done so. 

[0028] Since it had further a load limitation means to restrict the output of a fuel 
cell when it judged [ according to invention according to claim 7 ] with said damp 
or wet condition judging means of humidity being inadequate in addition to claim 1 
thru/or an effect of the invention according to claim 6, the effectiveness that 
recovery from dryness and continuation of operation of a fuel cell can be 
reconciled is done so. 

[0029] According to invention according to claim 8, like the humidity distribution 
formation fault which forms relative humidity distribution of fuel gas and oxidation 
gas in the eel array direction of a fuel cell stack The electrical-potential-difference 
detection process in which the electrical potential difference of at least two eels 
chosen from two or more eels which constitute a fuel cell stack is detected, When 
the distribution of voltage for every eel was investigated, and low [ compared with 
the electrical potential difference of a eel with high relative humidity ] and the 
electrical potential difference of a eel with low relative humidity judges with 
humidity being inadequate in the damp or wet condition judging process judged as 
the humidity of a fuel cell being inadequate, and said damp or wet condition judging 
process. Since it had the load limitation process in which the output of a fuel cell 
was restricted, the effectiveness that it can judge correctly whether hydration or 
the moisture of the damp or wet condition of a fuel cell is insufficient based on the 
measurement result of the electrical potential difference of a eel with high relative 
humidity and the electrical potential difference of a eel with low relative humidity is 
done so. Moreover, since the Judgment of a damp or wet condition becomes exact, 
an unnecessary hydrogen purge is reduced and the effectiveness of improving the 
fuel consumption of a fuel cell is done so. 

[0030] The electrical-potential-differenee amperometry process which measures 
the electrical potential difference and current under fuel cell stack operation 
according to invention according to claim 9, The internal resistance presumption 
process in which the internal resistance value of a fuel cell stack is presumed 
based on said measured volt ampere characteristic, When it judges with humidity 
being inadequate based on the comparison with the certified value beforehand 
remembered to be said presumed internal resistance value in the damp or wet 
condition judging process in which the damp or wet condition of a fuel cell is 
judged, and said damp or wet condition judging process, The effectiveness that a 
damp or wet condition can be judged is done so, without forming relative humidity 
distribution in a fuel cell stack, since it had the load limitation process in which the 
output of a fuel cell was restricted. Moreover, since the judgment of a damp or wet 
condition becomes exact, an unnecessary hydrogen purge is reduced and the 
effectiveness of improving the fuel consumption of a fuel cell is done so. 
[0031] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. 

[1st operation gestalt] Drawin g 1 is a whole block diagram explaining the 
configuration of the 1 st operation gestalt of the fuel cell concerning this invention. 
The hydrogen feed zone 1 which supplies the gas (following and hydrogen content 
gas) by which a fuel cell contains the hydrogen as fuel gas by desired pressure and 
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flow rate in drawing 1 , The air supply section 2 which supplies the air as oxidation 
gas by desired pressure and flow rate, The humidifier 3 which humidifies hydrogen 
content gas and air with the pure water supplied from the pure-water feeder which 
is not illustrated, respectively, The fuel cell stack 4 to which the hydrogen content 
gas and air which were humidified with the humidifier 3 are supplied, While cooling 
the pump 5 for fuel circulation to which recycling of the hydrogen which was not 
used is carried out, the check valve 6 which prevents the back flow of hydrogen 
content gas, and the fuel cell stack 4 At the time of the amplitude measurement 
for a damp or wet condition judging, it has the cooling system 12 which can make 
hard flow the inflow direction of the cooling water to the fuel cell stack 4 with the 
gas inflow direction to the fuel cell stack 4, and the control unit 1 1 which controls 
these equipments. 

[0032] The electrical-potential-difference detector which are two or more eels 
chosen from two or more eels which constitute a stack, and an electrical- 
potential-difference detection means to detect each electrical potential difference 
of all eels preferably and which is not illustrated is formed in the fuel cell stack 4, 
and the detecting signal of this electrical-potential-difference detector is told to it 
to a control unit 1 1 . 

[0033] A cooling system 12 is equipped with the cooling-water passage which was 
established in the interior of the fuel cell stack 4 and which is not illustrated, the 
cooling water pump 7 made to circulate through cooling water, the radiator or the 
radiator which radiates heat to the exterior in the heat of cooling water, and a 
radiator fan's group 8, the method valve 9 of four which reverses the direction of 
the cooling water which flows to the fuel cell stack 4, the thermometer 10 which 
measure a circulating water temperature, the duct which connect these, and the 
cooling water with which these interior was filled up. 

[0034] And the cooling system 12 constitutes the humidity distribution means 
forming which forms relative humidity distribution of fuel gas and oxidation gas in 
the eel array direction of a fuel cell stack at the time of the eel eleetrieal- 
potential-differenee detection by the eleetrical-potential-difference detection 
means. 

[0035] Moreover, while a control unit 11 receives the hydrogen feed zone 1, the air 
supply section 2, and the detecting signal from a thermometer 10, it sends out the 
control signal which controls the hydrogen feed zone 1 , the air supply section 2. a 
cooling water pump 7, and the method valve 9 of four. 

[0036] Next, an operation of the relative humidity distribution formation by the 
cooling system 12 is explained. After the hydrogen content gas and air which are 
supplied from the hydrogen feed zone 1 and the air supply section 2 pass a 
humidifier 3 and serve as suitable humidity, they are supplied from the drawing 
Nakamigi side of the fuel cell stack 4. It is thought that absolute humidity does not 
fall and absolute humidity goes up them rather since this hydrogen content gas and 
air are further humidified by the moisture which generates the interior of the fuel 
cell stack 4 by generation of electrical energy as it flows from the right to the left 
after they are humidified by a certain absolute humidity with a humidifier 3. 
[0037] According to the control from a control unit 1 1, the method valve 9 of four 
which changes the direction of cooling water is usually changed so that cooling 
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water may be poured in the direction of an arrow head of a broken line at the time 
of electrical--potential-difference detection according cooling water to a sink and 
an electrical-potential-difference detector to the direction of an arrow head of a 
continuous line in the time of operation. Since the cooling water which flows the 
fuel cell stack 4 by this usually flows from drawing Nakamigi to the left at the time 
of operation, the temperature distribution in the fuel cell stack 4 at this time have 
a low drawing Nakamigi side, and left-hand side becomes high. 
[0038] On the other hand, since cooling water flows from ****** to the right 
contrary to the direction where gas flows at the time of the amplitude 
measurement for a damp or wet condition judging, the temperature distribution in 
the fuel cell stack 4 at this time usually have a high drawing Nakamigi side contrary 
to the time of operation, and left-hand side becomes low. Therefore, relative 
humidity distribution of the fuel cell stack 4 at the time of an amplitude 
measurement has a low drawing Nakamigi side, and left-hand side becomes high. 
[0039] Where such relative humidity distribution is formed, when each temperature 
of two or more eels of the fuel cell stack 4 is measured, according to the location 
of the measured eel, the electrical potential difference of a eel with low relative 
humidity and the electrical potential difference of a eel with high relative humidity 
will be measured. 

[0040] In addition, relative humidity distribution may always be made to be formed 
in a fuel cell stack by making the gas inflow direction and cooling water close flow 
direction to a fuel cell stack into an opposite direction as a modification of the 1 st 
operation gestalt, without usually changing the direction of cooling water in the 
time of operation and the amplitude measurement for a damp or wet condition 
judging. According to this modification, although it becomes the configuration which 
omits the method valve of four which changes the direction of cooling water, and is 
shown in drawing 2 , it is unavoidable that some falls usually arise in the generating 
efficiency at the time of operation. 

[0041] Next, actuation of the 1st operation gestalt is explained with reference to 
the flow chart of drawing 3 . The current under fuel cell stack operation and 
detection of an electrical potential difference are first performed at step (a step is 
hereafter abbreviated to S) 101. Subsequently, in SI 02, it returns to SI 01 again, 
without carrying out the processing flow of this operation gestalt shown in less 
than [ SI 03 ], if it judges whether sag is carried out and sag is not accepted from 
the current potential property of having memorized beforehand the combination of 
this detected current/electrical potential difference. 

[0042] When sag is accepted, it supposes that it is necessary to judge the cause 
of sag with a sufficient precision that an electrical potential difference should be 
recovered appropriately, and with this operation gestalt, the method valve 9 of four 
is changed so that the circulation direction of cooling water may turn into the I/O 
direction to the fuel cell stack 4 of gas, such as hydrogen and air, to hard flow by 
SI 03. Of the change of this cooling water inflow direction, distribution of relative 
humidity is formed in the eel array direction as mentioned above in the fuel cell 
stack 4. 

[0043] In addition, like the modification of the 1st operation gestalt shown in 
drawing 2 , the inflow direction of the cooling water to a fuel cell stack is always 
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set as hard flow with the inflow direction of gas, and when it has composition which 
does not change the cooling water inflow direction, these S103 is omitted. 
[0044] Moreover, when the existence of sag is judged and sag is judged, although 
[ S102 ] below this step is performed, it is good also as a configuration which 
deletes SI 01 and SI 02 and performs processing not more than SI 03 periodically. 
[0045] Subsequently, where distribution of relative humidity is formed in the eel 
array direction, an electrical-potential-difference detector detects the electrical 
potential difference of each eel which constitutes a fuel cell stack from SI 04, and 
a detection value is told to a control unit 1 1. Although the fuel cell stack 4 
consists of two or more eels, it is more desirable to consider the eel electrical 
potential difference of these plurality as the configuration which can detect the 
value of the same time of day as much as possible. 

[0046] Subsequently, in SI 05, the inclination of the eel electrical potential 
difference by the location of each eel is judged, and it judges whether it is what the 
cause of sag depends on desiccation of the film by SI 06. 
[0047] Although drawing 4 is an example of the eel distribution of voltage 
corresponding to each eel location, it is drawing which arranged the electrical 
potential difference of each ceMn order, and expressed it toward the outlet side 
from the gas inlet side. When the inclination for it to apply to an outlet side from a 
gas inlet side, and for a eel electrical potential difference to become high like this 
drawing 4 is acquired, it will judge, if the film does not fully carry out humidity but 
is in dryness. 

[0048] It is possible to judge that this means that the electrical potential difference 
of the eel of a part with low relative humidity is lower than the electrical potential 
difference of a eel with high relative humidity, namely, the film of the eel of a part 
with low relative humidity does not fully carry out humidity, but it causes [ of the 
electrical potential difference ] a fall. 

[0049] Moreover, although it is the case where correlation is not looked at by 
distribution of relative humidity, and especially distribution of a eel electrical 
potential difference when eel distribution of voltage as shown in drawing 5 is 
acquired namely, it is judged that humidity of the film is fully carried out in this 
ease. In the condition that there is no correlation in a eel electrical potential 
difference and relative humidity, though a eel electrical potential difference is lower 
than expected value, the film is not dry and you may judge it as what is depended 
on other causes, for example, the fall of a hydrogen partial pressure etc. 
[0050] In addition, when distribution as shown in drawing 6 in this operation gestalt 
is acquired, it is the ease where distribution which is low to the eel electrical 
potential difference of a part with the low relative humidity by the side of a gas 
outlet is acquired, but moisture accumulates in the eel of a part with high relative 
humidity in this ease, and if the electrical potential difference is falling by reduction 
of reaction area, it can judge. 

[0051] As mentioned above, when the cause of sag is judged to be what is 
depended on desiccation of the film, a fuel cell stack output is restricted and the 
upper limit in which an output request is possible is notified to the control means 
(not shown) of the high order which controls (SI 07-1 09), simultaneously orders it 
the output request of a fuel cell stack to the fuel cell control means 1 1 so that it 
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may not become below the set point with a stack electrical potential difference, 
[0052] Thereby, since the operation of a demand command value is attained 
recognizing the maximum of the power which a fuel cell stack can take out, the 
control means of a high order can prevent the condition of saying that it is not 
outputted unexpectedly. 

[0053] In addition, the result of having presumed the membranous damp or wet 
condition like S104-S106 according to the inclination according to the location of 
each eel electrical potential difference may perform load limitation of a fuel cell 
stack. 

[0054] Moreover, although it is the electrical potential difference of a fuel cell 
stack, and the control means of an output, it may connect with a fuel cell stack, a 
DC to DC converter with a current control function may be carried out, and, for 

details, it omits. 

[0055] Moreover, when the cause of sag is except desiccation of the film, the 
block which performs processing corresponding to the cause is performed. For 
example, when nitrogen concentration goes up to a hydrogen pole side and the 
hydrogen partial pressure is falling as a result, it controls to raise a hydrogen 
partial pressure by purging a hydrogen pole (S1 10). 

[0056] As an example, when hydrogen is the circulatory system, although a 
hydrogen pole purge is possible, since it is not the essence of this invention, it 
omits for details by discharging to the system exterior, without returning the 
exhausted hydrogen from a fuel cell stack, and increasing a hydrogen flow rate to 
coincidence. 

[0057] [2nd operation gestalt] The configuration of this operation gestalt is the 
same as that of drawing 1 which shows the 1st operation gestalt. In addition, in this 
operation gestalt, since it is not necessary to necessarily make reverse the inflow 
direction of gas, and the inflow direction of cooling water, the method valve 9 of 
four is omissible. 

[0058] The flow chart of this operation gestalt is shown in drawing 7 . This 
operation gestalt measures the current and electrical potential difference under 
operation of a fuel cell stack beyond a certain fixed time amount or more than the 
certain fixed number of samplings, calculates an internal resistance value from the 
measured current and an electrical potential difference, and presumes membranous 
dryness from the value. 

[0059] It is equivalent to the inclination of the interstitial segment in the current- 
voltage characteristic indicated to be an internal resistance value here to drawing 
10 (a). Ionic conductivity falls and it is observed in a form like increase of electric 
resistance as a membranous moisture content decreases. 

[0060] namely, — if humidity is carried out enough, will become the property (it 
considers as a standard property hereafter) which shows the highest electrical 
potential difference in drawing 10 (a), but the electrical potential difference when 
pulling out the same current value from a fuel cell stack falls, and the inclination of 
an abbreviation bay is sudden as it becomes with some desiccation — becoming - 

- a result — a form [ like the lower left ] whose current-voltage characteristic is - 

- changing a|c5ies|c5|csics|cs|c* 

[0061] Moreover, although the inclination of this abbreviation bay is the same as it 
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of a standard property, when beyond a certain current value is taken out and the 
fall of an electrical potential difference is accepted rapidly (drawing 10 (b)). the 
membranous damp or wet condition is suitable, but to the current which the 
condition (a flow rate and pressure) of gas took out, if not suitable, it will judge. 
[0062] Moreover, it can be judged that it becomes the volt ampere characteristic 
when the condition of drawing 10 (a) and drawing 10 (b) occurs in coincidence, as 
shown in drawing 10 (c), and membranous humidity is liable to insufficient, and the 
condition of gas is not suitable when the inclination of an abbreviation bay is more 
sudden than a standard property, and beyond a certain current value is taken out, 
a property separates from a straight line and an electrical potential difference falls. 

[0063] The flow chart of drawing 7 which asks below for internal resistance based 
on the volt ampere characteristic measured during operation of a fuel cell stack is 
explained. 

[0064] The current and electrical potential difference of a fuel cell stack of **** 
time of day are first detected by S201. This time of day of this timing is as much 
as possible more desirable. Subsequently, in S202, data are filtered with the value 
of the detected current. Since the effect of internal resistance has not come out 
of the property in the minimum current region, this is for cutting the data of such a 
field. In S203, in order to refer to by the internal resistance operation mentioned 
later, the measured current and the group data of an electrical potential difference 
are recorded on a record means. 

[0065] In S204, the recorded current and the group data of an electrical potential 
difference judge whether it is sufficient thing for internal resistance calculation. It 
may be recorded beyond the set point that has that current values are scattered 
enough broadly and the number of group data as conditions judge that are enough. 
In S205, internal resistance is actually calculated. Two or more currents and the 
group data of an electrical potential difference are approximated In a straight line, 
and, specifically, it asks for them from the slope of a line. 

[0066] In addition, about the approach of approximating the group data of two or 
more current/electrical potential differences in a straight line, there are the least 
square method which asks for the approximation straight line from which the sum 
total of the square of the distance from the point which shows class data to an 
approximation straight line serves as min, an approach shown in sJP,6-174808,A. 
[0067] The inclination of the abbreviation bay for which it asked by the above 
approaches is compared with the standard property beforehand searched for in the 
experiment etc., when an inclination is sudden, it judges that the film is dry, and it 
processes restricting an output etc., and it becomes possible to stop bad 
influences, such as degradation of a stack, moreover, the inclination of an 
abbreviation bay — it of a standard property, and abbreviation — ■ it is the same, 
and the nitrogen accumulated in the hydrogen pole by performing purge processing 
is discharged, a hydrogen partial pressure is recovered [ it supposes that a 
problem is in gas conditions when the fall of an electrical potential difference is 
accepted in beyond a certain current value, and ], and it becomes possible to 
return to the standard property of an electrical potential difference. 
[0068] In addition, since the internal resistance of a fuel cell has the temperature 
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characteristics, such as resistance of an electrode, and electrolytic ion 
conductivity, it is desirable to change the certified value of internal resistance 
according to the measurement result of the thermometer 10 which measures 
cooling water temperature, for example. The map for which it specifically asked 
experimentally, and an amendment formula are used. 

[0069] [3rd operation gestalt] Drawing 8 is the whole block diagram showing the 
configuration of the 3rd operation gestalt of the fuel cell concerning this invention. 
This operation gestalt is the example which deleted the method valve 9 of four, 
made the cooling water inflow direction to the fuel cell stack 4 always the same as 
that of the gas inflow direction to the 1st operation gestalt shown in drawing 1 , 
and formed the moisture flow rate detection means in hydrogen content gas and 
the fuel cell stack I/O section of air. 

[0070] That is, a moisture flow rate detection means 21 detect the moisture flow 
rate which flows into the fuel cell stack 4 from the hydrogen feed zone 1, a 
moisture flow rate detection means 22 detect the moisture flow rate which flows 
out of a hydrogen outlet, a moisture flow rate detection means 23 detect the 
moisture flow rate which flows from the air-supply section 2, and a moisture flow 
rate detection means 24 detect the moisture flow rate which flows out of that of 
an air outlet have established. As these moisture flow rate detection means 21, 22, 
23, and 24, it is possible to constitute, for example from a dew-point detection 
means and mass flow rate detection means, such as a mirror plane cooling type. 
[0071] Moreover, in the control unit 11, a means to calculate the moisture content 
generated inside the fuel cell stack according to the current value taken out from 
the fuel cell stack 4 is established. 

[0072] To the value which applied the moisture content generated inside the stack 
by the moisture flow rate sum total in the hydrogen of the inlet port of the fuel cell 
stack 4, and air, if the moisture flow rate sum total in the hydrogen of a fuel cell 
stack outlet and air is large, it is shown that having come out from the film into the 
gas of moisture is shown, namely, the film is in a desiccation inclination. 
[0073] Conversely, if the moisture content sum total in the hydrogen of an outlet 
and air is small, it turns out that moisture will have permeated the film out of gas, 
namely, the film is in a humid inclination. Therefore, average humid extent in a fuel 
cell stack can be presumed now by integrating with the variation of this moisture. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the fuel cell which can be built 
over the fuel cell of a solid oxide type, and its operating method, especially can 
control the humidity of an electrode or an electrolyte membrane appropriately, and 
its operating method. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not 
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3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] The fuel cell technique attracts attention to the 
environmental problem in recent years, especially the problem of the global 
warming by the air pollution by exhaust gas and the carbon dioxide of an 
automobile as the power source which makes possible clean exhaust air and high 
energy efficiency, or a source of power. 

[0003] The single eel of a fuel cell joins the electrode which includes a catalyst in 
the both sides of the electrolyte membrane which is an ion conductor, and is 
constituted. And fuel gas, oxidation gas, for example, the gas containing hydrogen, 
and air are supplied to two electrodes, respectively. In the anode (fuel electrode) 
to which hydrogen is supplied, hydrogen ionizes into a hydrogen ion and an 
electron- In an electron, return and a hydrogen ion arrive at an anode plate through 
an electrolyte membrane at a cathode (air pole) through an external circuit. In the 
cathode to which the oxygen in air is supplied, a hydrogen ion, oxygen, and an 
electron react and water is generated. 

[0004] The stack structure which it usually accumulated two or more eels with 
about 1.2 V since the theoretical electromotive force of the single eel of a fuel cell 
was low, and was made into series connection is used. The solid-estate 
polyelectrolyte mold fuel cell which has high power density especially also in a fuel 
cell attracts attention as sources for mobiles of power, such as an automobile. 
[0005] In operation of such a fuel cell, an important point is keeping proper the 
damp or wet condition of an electrode catalyst and the solid-state polyelectrolyte 
film. If these tend to dry, ionic conductivity will fall and the internal resistance as a 
power plant will increase. If humidity passes with the generation water by the 
reaction of hydrogen and oxygen etc., the effective electrode surface product 
which incorporates gas will decrease, and the output current will decrease. 
[0006] It considers as the technique which controls the damp or wet condition of 
the electrode in the conventional fuel cell, and the solid-state polyelectrolyte film 
proper, and the technique given in JP,7-22047,A is known. According to this 
conventional technique, the reference electrode in which the reference potential 
stabilized in the fuel cell is shown was prepared, the anode of a eel to this 
reference electrode and the potential of a cathode were measured, and the amount 
of humidification of fuel gas or oxidation gas was adjusted based on this potential. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] An electrical-potential-difference detection means to 
detect the electrical potential difference of at least two eels which were chosen 
from two or more eels which constitute a fuel cell stack according to invention 
according to claim 1, The humidity distribution means forming which forms relative 
humidity distribution of fuel gas and oxidation gas in the eel array direction of a 
fuel cell stack at least at the time of the eel electrieal-potential-difference 
detection by said electrieal-potential-difference detection means, Since the 
distribution of voltage for every eel which said electrical-potentiaHdifference 
detection means detected was investigated, and the electrical potential difference 
of a eel with low relative humidity was equipped with a damp or wet condition 
judging means to judge with the humidity of a fuel cell being inadequate when low 
compared with the electrical potential difference of a eel with high relative 
humidity The effectiveness that it can judge correctly whether hydration or the 
moisture of the damp or wet condition of a fuel cell is insufficient based on the 
measurement result of the electrical potential difference of a eel with high relative 
humidity and the electrical potential difference of a eel with low relative humidity is 
done SO- Moreover, since the judgment of a damp or wet condition becomes exact, 
an unnecessary hydrogen purge is reduced and the effectiveness of improving the 
fuel consumption of a fuel cell is done so. 

[0023] According to invention according to claim 2, to an effect of the invention 
according to claim 1 in addition, said humidity distribution means forming While 
usually making the inflow direction and the cooling water inflow direction of a fuel 
cell stack of fuel gas and oxidation gas into this direction at the time of operation 
By changing to hard flow at the time of the electrical-potential-difference 
detection by said electrical-potential-difference detection means for the damp or 
wet condition judging by said damp or wet condition judging means Since it is a 
cooling means to form relative humidity distribution of fuel gas and oxidation gas in 
the eel array direction of a fuel cell stack Usually, the effectiveness that an exact 
damp or wet condition can be judged is done so, without forming relative humidity 
distribution of the both sides of relative humidity distribution suitable at the time of 
operation and relative humidity distribution suitable at the time of a damp or wet 
condition judging, and usually reducing the generating efficiency at the time of 
operation. 

[0024] According to invention according to claim 3, to an effect of the invention 
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according to claim 1 in addition, said humidity distribution means forming Since the 
inflow direction and the cooling water inflow direction of a fuel cell stack of fuel 
gas and oxidation gas were always made into hard flow and it is a cooling means to 
form relative humidity distribution of fuel gas and oxidation gas in the eel array 
direction of a fuel cell stack The effectiveness that an exact damp or wet 
condition can be judged is done so, without preparing the cooling water inflow 
direction change function, and complicating a cooling means. 
[0025] An electrical-potential-difference amperometry means to measure the 
electrical potential difference and current under fuel cell stack operation according 
to invention according to claim 4, An internal resistance presumption means to 
presume the internal resistance value of a fuel cell stack based on the volt ampere 
characteristic which this electrical-potential-difference amperometry means 
measured, The effectiveness that a damp or wet condition can be judged is done 
so, without forming relative humidity distribution in a fuel cell stack, since it had a 
damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell, based on the comparison with the certified value beforehand remembered to 
be said presumed internal resistance value. 

[0026] Since it had [ according to invention according to claim 5 ] further a 
thermometry means to measure the temperature of a fuel cell, and a certified 
value modification means to change said certified value based on the measured 
temperature in addition to the effect of the invention according to claim 4, even if 
the operating temperature of a fuel cell has change, the effectiveness that an 
exact damp or wet condition judging can be performed is done so. 
[0027] An influent daily dose detection means to detect the moisture content of 
the fuel gas which flows into a fuel cell stack, and oxidation gas according to 
invention according to claim 6, An effluent daily dose detection means to detect 
the moisture content of the fuel gas which flows out of a fuel cell stack, and 
oxidation gas, By having had a generation moisture content presumption means to 
presume the moisture content generated inside the fuel cell stack, and a damp or 
wet condition judging means to judge the damp or wet condition of a fuel cell based 
on said moisture content, influent daily dose, and effluent daily dose which were 
generated The change hysteresis of the moisture content inside a fuel cell stack is 
pursued correctly, and the effectiveness that the damp or wet condition of a fuel 
cell can be judged correctly is done so. 

[0028] Since it had further a load limitation means to restrict the output of a fuel 
cell when it judged [ according to invention according to claim 7 ] with said damp 
or wet condition judging means of humidity being inadequate in addition to claim 1 
thru/or an effect of the invention according to claim 6, the effectiveness that 
recovery from dryness and continuation of operation of a fuel cell can be 
reconciled is done so. 

[0029] According to invention according to claim 8, like the humidity distribution 
formation fault which forms relative humidity distribution of fuel gas and oxidation 
gas in the eel array direction of a fuel cell stack The electrical-potential-difference 
detection process in which the electrical potential difference of at least two eels 
chosen from two or more eels which constitute a fuel cell stack is detected. When 
the distribution of voltage for every eel was investigated, and low [ compared with 
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the electrical potential difference of a eel with high relative humidity ] and the 
electrical potential difference of a eel with low relative humidity judges with 
humidity being inadequate in the damp or wet condition judging process judged as 
the humidity of a fuel cell being inadequate, and said damp or wet condition judging 
process, Since it had the load limitation process in which the output of a fuel cell 
was restricted, the effectiveness that it can judge correctly whether hydration or 
the moisture of the damp or wet condition of a fuel cell is insufficient based on the 
measurement result of the electrical potential difference of a eel with high relative 
humidity and the electrical potential difference of a eel with low relative humidity is 
done so. Moreover, since the judgment of a damp or wet condition becomes exact, 
an unnecessary hydrogen purge is reduced and the effectiveness of improving the 
fuel consumption of a fuel cell is done so. 

[0030] The electrical-potential-difference amperometry process which measures 
the electrical potential difference and current under fuel cell stack operation 
according to invention according to claim 9, The internal resistance presumption 
process in which the internal resistance value of a fuel cell stack is presumed 
based on said measured volt ampere characteristic, When it judges with humidity 
being inadequate based on the comparison with the certified value beforehand 
remembered to be said presumed internal resistance value in the damp or wet 
condition judging process in which the damp or wet condition of a fuel cell is 
judged, and said damp or wet condition judging process. The effectiveness that a 
damp or wet condition can be judged is done so, without forming relative humidity 
distribution in a fuel cell stack, since It had the load limitation process in which the 
output of a fuel cell was restricted. Moreover, since the judgment of a damp or wet 
condition becomes exact, an unnecessary hydrogen purge is reduced and the 
effectiveness of improving the fuel consumption of a fuel cell is done so. 
[0031] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is 
explained to a detail with reference to a drawing. 

[1st operation gestalt] Drawing 1 is a whole block diagram explaining the 
configuration of the 1st operation gestalt of the fuel cell concerning this invention. 
The hydrogen feed zone 1 which supplies the gas (following and hydrogen content 
gas) by which a fuel cell contains the hydrogen as fuel gas by desired pressure and 
flow rate in drawing 1 , The air supply section 2 which supplies the air as oxidation 
gas by desired pressure and flow rate. The humidifier 3 which humidifies hydrogen 
content gas and air with the pure water supplied from the pure-water feeder which 
is not illustrated, respectively, The fuel cell stack 4 to which the hydrogen content 
gas and air which were humidified with the humidifier 3 are supplied, While cooling 
the pump 5 for fuel circulation to which recycling of the hydrogen which was not 
used is carried out, the check valve 6 which prevents the back flow of hydrogen 
content gas, and the fuel cell stack 4 At the time of the amplitude measurement 
for a damp or wet condition judging, it has the cooling system 1 2 which can make 
hard flow the inflow direction of the cooling water to the fuel cell stack 4 with the 
gas inflow direction to the fuel cell stack 4, and the control unit 1 1 which controls 
these equipments. 

[0032] The electrical-potential-difference detector which are two or more eels 
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chosen from two or more eels which constitute a stack, and an electrical- 
potential-difference detection means to detect each electrical potential difference 
of all eels preferably and which is not illustrated is formed in the fuel cell stack 4, 
and the detecting signal of this electrical-potential-difference detector is told to it 
to a control unit 1 1 , 

[0033] A cooling system 12 is equipped with the cooling-water passage which was 
established in the interior of the fuel cell stack 4 and which is not illustrated, the 
cooling water pump 7 made to circulate through cooling water, the radiator or the 
radiator which radiates heat to the exterior in the heat of cooling water, and a 
radiator fan's group 8, the method valve 9 of four which reverses the direction of 
the cooling water which flows to the fiiel cell stack 4, the thermometer 10 which 
measure a circulating water temperature, the duct which connect these, and the 
cooling water with which these interior was filled up. 

[0034] And the cooling system 12 constitutes the humidity distribution means 
forming which forms relative humidity distribution of fuel gas and oxidation gas in 
the eel array direction of a fuel cell stack at the time of the eel electrical- 
potential-difference detection by the electrical-potential-differenee detection 
means. 

[0035] Moreover, while a control unit 11 receives the hydrogen feed zone 1, the air 
supply section 2, and the detecting signal from a thermometer 1 0, it sends out the 
control signal which controls the hydrogen feed zone 1, the air supply section 2, a 
cooling water pump 7, and the method valve 9 of four. 

[0036] Next, an operation of the relative humidity distribution formation by the 
cooling system 12 is explained. After the hydrogen content gas and air which are 
supplied from the hydrogen feed zone 1 and the air supply section 2 pass a 
humidifier 3 and serve as suitable humidity, they are supplied from the drawing 
Nakamigi side of the fuel cell stack 4. It is thought that absolute humidity does not 
fall and absolute humidity goes up them rather since this hydrogen content gas and 
air are further humidified by the moisture which generates the interior of the fuel 
cell stack 4 by generation of electrical energy as it flows from the right to the left 
after they are humidified by a certain absolute humidity with a humidifier 3. 
[0037] According to the control from a control unit 1 1 , the method valve 9 of four 
which changes the direction of cooling water is usually changed so that cooling 
water may be poured in the direction of an arrow head of a broken line at the time 
of electrieal-potential-difference detection according cooling water to a sink and 
an electrieal-potential-differenee detector to the direction of an arrow head of a 
continuous line in the time of operation. Since the cooling water which flows the 
fuel cell stack 4 by this usually flows from drawing Nakamigi to the left at the time 
of operation, the temperature distribution in the fuel cell stack 4 at this time have 
a low drawing Nakamigi side, and left-hand side becomes high, 
[0038] On the other hand, since cooling water flows from ****** to the right 
contrary to the direction where gas flows at the time of the amplitude 
measurement for a damp or wet condition judging, the temperature distribution in 
the fuel cell stack 4 at this time usually have a high drawing Nakamigi side contrary 
to the time of operation, and left-hand side becomes low. Therefore, relative 
humidity distribution of the fuel cell stack 4 at the time of an amplitude 
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measurement has a low drawing Nakamigi side, and left-hand side becomes high, 
[0039] Where such relative humidity distribution is formed, when each temperature 
of two or more eels of the fuel cell stack 4 is measured, according to the location 
of the measured eel, the electrical potential difference of a eel with low relative 
humidity and the electrical potential difference of a eel with high relative humidity 
will be measured. 

[0040] In addition, relative humidity distribution may always be made to be formed 
in a fuel cell stack by making the gas inflow direction and cooling water close flow 
direction to a fuel cell stack into an opposite direction as a modification of the 1st 
operation gestalt, without usually changing the direction of cooling water in the 
time of operation and the amplitude measurement for a damp or wet condition 
judging. According to this modification, although it becomes the configuration which 
omits the method valve of four which changes the direction of cooling water, and is 
shown in drawin g 2 , it is unavoidable that some falls usually arise in the generating 
efficiency at the time of operation. 

[0041] Next, actuation of the 1st operation gestalt is explained with reference to 
the flow chart of drawing 3 . The current under fuel cell stack operation and 
detection of an electrical potential difference are first performed at step (a step is 
hereafter abbreviated to S) 101. Subsequently, in SI 02, it returns to SI 01 again, 
without carrying out the processing flow of this operation gestalt shown in less 
than [ SI 03 ], if it judges whether sag is carried out and sag is not accepted from 
the current potential property of having memorized beforehand the combination of 
this detected current/electrical potential difference. 

[0042] When sag is accepted, it supposes that it is necessary to Judge the cause 
of sag with a sufficient precision that an electrical potential difference should be 
recovered appropriately, and with this operation gestalt, the method valve 9 of four 
is changed so that the circulation direction of cooling water may turn into the I/O 
direction to the fuel cell stack 4 of gas, such as hydrogen and ain to hard flow by 
SI 03. Of the change of this cooling water inflow direction, distribution of relative 
humidity is formed in the eel array direction as mentioned above in the fuel cell 
stack 4. 

[0043] In addition, like the modification of the 1st operation gestalt shown in 
drawing 2 , the inflow direction of the cooling water to a fuel cell stack is always 
set as hard flow with the inflow direction of gas, and when it has composition which 
does not change the cooling water inflow direction, these S103 is omitted. 
[0044] Moreover, when the existence of sag is judged and sag is judged, although 
[ S102 ] below this step is performed, it is good also as a configuration which 
deletes SI 01 and SI 02 and performs processing not more than SI 03 periodically. 
[0045] Subsequently, where distribution of relative humidity is formed in the eel 
array direction, an eleetrieal-potential-differenee detector detects the electrical 
potential difference of each eel which constitutes a fuel cell stack from SI 04, and 
a detection value is told to a control unit 11. Although the fuel cell stack 4 
consists of two or more eels, it is more desirable to consider the eel electrical 
potential difference of these plurality as the configuration which can detect the 
value of the same time of day as much as possible. 

[0046] Subsequently, in SI 05, the inclination of the eel electrical potential 
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difference by the location of each eel is judged, and it judges whether it is what the 
cause of sag depends on desiccation of the film by S106. 
[0047] Although drawing 4 is an example of the eel distribution of voltage 
corresponding to each eel location, it is drawing which arranged the electrical 
potential difference of each eel in order, and expressed it toward the outlet side 
from the gas inlet side. When the inclination for it to apply to an outlet side from a 
gas inlet side, and for a eel electrical potential difference to become high like this 
drawin g 4 is acquired, it will judge, if the film does not fully carry out humidity but 
is in dryness. 

[0048] It is possible to judge that this means that the electrical potential difference 
of the eel of a part with low relative humidity is lower than the electrical potential 
difference of a eel with high relative humidity, namely, the film of the eel of a part 
with low relative humidity does not fully carry out humidity, but it causes [ of the 
electrical potential difference ] a fall. 

[0049] Moreover, although it is the case where correlation is not looked at by 
distribution of relative humidity, and especially distribution of a eel electrical 
potential difference when eel distribution of voltage as shown in drawing 5 is 
acquired namely, it is judged that humidity of the film is fully carried out in this 
case. In the condition that there is no correlation in a eel electrical potential 
difference and relative humidity, though a eel electrical potential difference is lower 
than expected value, the film is not dry and you may judge it as what is depended 
on other causes, for example, the fall of a hydrogen partial pressure etc. 
[0050] In addition, when distribution as shown in drawing 6 in this operation gestalt 
is acquired, it is the case where distribution which is low to the eel electrical 
potential difference of a part with the low relative humidity by the side of a gas 
outlet is acquired, but moisture accumulates in the eel of a part with high relative 
humidity in this case, and if the electrical potential difference is falling by reduction 
of reaction area, it can judge. 

[0051] As mentioned above, when the cause of sag is judged to be what is 
depended on desiccation of the film, a fuel cell stack output is restricted and the 
upper limit in which an output request is possible is notified to the control means 
(not shown) of the high order which controls (SI 07-1 09), simultaneously orders it 
the output request of a fuel cell stack to the fuel cell control means 1 1 so that it 
may not become below the set point with a stack electrical potential difference. 
[0052] Thereby, since the operation of a demand command value is attained 
recognizing the maximum of the power which a fuel cell stack can take out, the 
control means of a high order can prevent the condition of saying that it is not 
outputted unexpectedly. 

[0053] In addition, the result of having presumed the membranous damp or wet 
condition like S104-S106 according to the inclination according to the location of 
each eel electrical potential difference may perform load limitation of a fuel cell 
stack. 

[0054] Moreover, although it is the electrical potential difference of a fuel cell 
stack, and the control means of an output, it may connect with a fuel cell stack, a 
DC to DC converter with a current control function may be carried out, and, for 
details, it omits. 
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[0055] Moreover, when the cause of sag is except desiccation of the film, the 
block which performs processing corresponding to the cause is performed. For 
example, when nitrogen concentration goes up to a hydrogen pole side and the 
hydrogen partial pressure is falling as a result, it controls to raise a hydrogen 
partial pressure by purging a hydrogen pole (S1 10). 

[0056] As an example, when hydrogen is the circulatory system, although a 
hydrogen pole purge is possible, since it is not the essence of this invention, it 
omits for details by discharging to the system exterior, without returning the 
exhausted hydrogen from a fuel cell stack, and increasing a hydrogen flow rate to 
coincidence. 

[0057] [2nd operation gestalt] The configuration of this operation gestalt is the 
same as that of drawing 1 which shows the 1st operation gestalt. In addition, in this 
operation gestalt, since it is not necessary to necessarily make reverse the inflow 
direction of gas, and the inflow direction of cooling water, the method valve 9 of 
four is omissible. 

[0058] The flow chart of this operation gestalt is shown in drawing 7 . This 
operation gestalt measures the current and electrical potential difference under 
operation of a fuel cell stack beyond a certain fixed time amount or more than the 
certain fixed number of samplings, calculates an internal resistance value from the 
measured current and an electrical potential difference, and presumes membranous 
dryness from the value. 

[0059] It is equivalent to the inclination of the interstitial segment in the current- 
voltage characteristic indicated to be an internal resistance value here to drawing 
10 (a). Ionic conductivity falls and it is observed in a form like increase of electric 
resistance as a membranous moisture content decreases. 

[0060] namely, — if humidity is carried out enough, will become the property (it 
considers as a standard property hereafter) which shows the highest electrical 
potential difference in drawing 10 (a), but the electrical potential difference when 
pulling out the same current value fi^om a fuel cell stack falls, and the inclination of 
an abbreviation bay is sudden as it becomes with some desiccation — becoming - 

- a result — a form [ like the lower left ] whose current-voltage characteristic is - 

- changing — ******** . 

[0061] Moreover, although the inclination of this abbreviation bay is the same as it 
of a standard property, when beyond a certain current value is taken out and the 
fall of an electrical potential difference is accepted rapidly (drawing 1 0 (b)), the 
membranous damp or wet condition is suitable, but to the current which the 
condition (a flow rate and pressure) of gas took out, if not suitable, it will judge. 
[0062] Moreover, it can be judged that it becomes the volt ampere characteristic 
when the condition of drawing 10 (a) and drawing 10 (b) occurs in coincidence, as 
shown in drawing 10 (c), and membranous humidity is liable to insufficient, and the 
condition of gas is not suitable when the inclination of an abbreviation bay is more 
sudden than a standard property, and beyond a certain current value is taken out, 
a property separates from a straight line and an electrical potential difference falls. 

[0063] The flow chart of drawing 7 which asks below for internal resistance based 
on the volt ampere characteristic measured during operation of a fuel cell stack is 
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explained. 

[0064] The current and electrical potential difference of a fuel cell stack of **** 
time of day are first detected by S201. This time of day of this timing is as much 
as possible more desirable. Subsequently, in S202, data are filtered with the value 
of the detected current. Since the effect of internal resistance has not come out 
of the property in the minimum current region, this is for cutting the data of such a 
field. In S203, in order to refer to by the internal resistance operation mentioned 
later, the measured current and the group data of an electrical potential difference 
are recorded on a record means. 

[0065] In S204. the recorded current and the group data of an electrical potential 
difference judge whether it is sufficient thing for internal resistance calculation. It 
may be recorded beyond the set point that has that current values are scattered 
enough broadly and the number of group data as conditions judge that are enough. 
In S205, internal resistance is actually calculated. Two or more currents and the 
group data of an electrical potential difference are approximated in a straight line, 
and, specifically, it asks for them from the slope of a line. 

[0066] In addition, about the approach of approximating the group data of two or 
more current/electrical potential differences in a straight line, there are the least 
square method which asks for the approximation straight line from which the sum 
total of the square of the distance from the point which shows class data to an 
approximation straight line serves as min, an approach shown in JP,6-1 74808,A. 
[0067] The inclination of the abbreviation bay for which it asked by the above 
approaches is compared with the standard property beforehand searched for in the 
experiment etc., when an inclination is sudden, it judges that the film is dry, and it 
processes restricting an output etc., and it becomes possible to stop bad 
influences, such as degradation of a stack, moreover, the inclination of an 
abbreviation bay — it of a standard property, and abbreviation — it is the same, 
and the nitrogen accumulated in the hydrogen pole by performing purge processing 
is discharged, a hydrogen partial pressure is recovered [ it supposes that a 
problem is in gas conditions when the fall of an electrical potential difference is 
accepted in beyond a certain current value, and ], and it becomes possible to 
return to the standard property of an electrical potential difference. 
[0068] In addition, since the internal resistance of a fuel cell has the temperature 
characteristics, such as resistance of an electrode, and electrolytic ion 
conductivity, it is desirable to change the certified value of internal resistance 
according to the measurement result of the thermometer 10 which measures 
cooling water temperature, for example. The map for which it specifically asked 
experimentally, and an amendment formula are used. 

[0069] [3rd operation gestalt] Drawing 8 is the whole block diagram showing the 
configuration of the 3rd operation gestalt of the fuel cell concerning this invention. 
This operation gestalt is the example which deleted the method valve 9 of four, 
made the cooling water inflow direction to the fuel cell stack 4 always the same as 
that of the gas inflow direction to the 1st operation gestalt shown in drawin g 1 , 
and formed the moisture flow rate detection means in hydrogen content gas and 
the fuel cell stack I/O section of air. 

[0070] That is, a moisture flow rate detection means 21 detect the moisture flow 
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rate which flows into the fuel cell stack 4 from the hydrogen feed zone 1 , a 
moisture flow rate detection means 22 detect the moisture flow rate which flows 
out of a hydrogen outlet, a moisture flow rate detection means 23 detect the 
moisture flow rate which flows from the air-supply section 2, and a moisture flow 
rate detection means 24 detect the moisture flow rate which flows out of that of 
an air outlet have established. As these moisture flow rate detection means 21, 22, 
23, and 24, it is possible to constitute, for example from a dew-point detection 
means and mass flow rate detection means, such as a mirror plane cooling type. 
[0071] Moreover, in the control unit 1 1, a means to calculate the moisture content 
generated inside the fuel cell stack according to the current value taken out from 
the fuel cell stack 4 is established. 

[0072] To the value which applied the moisture content generated inside the stack 
by the moisture flow rate sum total in the hydrogen of the inlet port of the fuel cell 
stack 4, and air, if the moisture flow rate sum total in the hydrogen of a fuel cell 
stack outlet and air is large, it is shown that having come out from the film into the 
gas of moisture is shown, namely, the film is in a desiccation inclination. 
[0073] Conversely, if the moisture content sum total in the hydrogen of an outlet 
and air is small, it turns out that moisture will have permeated the film out of gas, 
namely, the film is in a humid inclination. Therefore, average humjd extent in a fuel 
cell stack can be presumed now by integrating with the variation of this moisture. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned 
conventional technique had become the configuration of measuring the potential of 
the anode to the reference electrode in a fuel cell, and a cathode, there was a 
trouble that application was impossible in the fuel cell which does not have the 
reference electrode. 

[0008] Moreover, since the above-mentioned conventional technique had become 
the configuration of judging the excess of moisture, or desiccation of the film, by 
change of the anode to the output current, and cathode potential, when the above 
output current was not pulled out to some extent, a unique reaction was not seen 
but it had the trouble that the judgment of a damp or wet condition was difficult. 
[0009] Furthermore, since both the excess of moisture and desiccation of the film 
may become a cause when the singularity of potential change is accepted in an 
anode and cathode two poles, the above-mentioned conventional technique 
requires time amount for both distinction. It was specifically once made dryness, 
and after measuring the potential change, since both distinction was judged, the 
trouble that immediate output recovery was difficult was for the first time. 
[0010] It is offering the fuel cell which detects a damp or wet condition and can 
control operation, and its operating method, without the purpose of this invention 
preparing a reference electrode in each eel of a fuel cell in view of the above 
trouble. 

[001 1] Moreover, especially the purpose of this invention is offering the fuel cell 
which can judge a damp or wet condition easily, and its operating method, without 
pulling out the output current of a fuel cell. 

[0012] Furthermore, the purpose of this invention is offering the fuel cell which can 
judge easily whether it having changed in hydration or which direction of 
desiccation from the proper damp or wet condition, and its operating method. 
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MEANS 

[Means for Solving the Problem] An electrical-potential-difference detection 
means to detect the electrical potential difference of at least two eels chosen 
from two or more eels which constitute a fuel cell stack in order that invention 
according to claim 1 might solve the above-mentioned technical problem, The 
humidity distribution means forming which forms relative humidity distribution of 
fuel gas and oxidation gas in the eel array direction of a fuel cell stack at least at 
the time of the eel eleetrical-potentiaKdifference detection by the electrical- 
potential-difference detection means, Relative humidity is the fuel cell which 
makes it a summary to have investigated the distribution of voltage for every eel 
which the electrical-potential-difference detection means detected, and to have 
had a damp or wet condition judging means to judge with the humidity of a fuel cell 
being inadequate when low compared with the electrical potential difference of a 
eel with the high electrical potential difference of a eel with low relative humidity. 
[0014] Invention according to claim 2 is set to a fuel cell according to claim 1 in 
order to solve the above-mentioned technical problem. Said humidity distribution 
means forming While usually making the inflow direction and the cooling water 
inflow direction of a fuel cell stack of fuel gas and oxidation gas into this direction 
at the time of operation Let it be a summary to be a cooling means to form relative 
humidity distribution of fuel gas and oxidation gas in the eel array direction of a 
fuel cell stack by changing to hard flow at the time of the electrical-potential- 
differenee detection by said electrical-potential-difference detection means for 
the damp or wet condition judging by said damp or wet condition judging means. 
[0015] In order that invention according to claim 3 may solve the above-mentioned 
technical problem, in a fuel cell according to claim 1, said humidity distribution 
means forming always makes hard flow the inflow direction and the cooling water 
inflow direction of a fuel cell stack of fuel gas and oxidation gas, and makes it a 
summary to be a cooling means to form relative humidity distribution of fuel gas 
and oxidation gas in the eel array direction of a fuel cell stack. 
[0016] An eleetrieal-potential-differenee amperometry means to measure the 
electrical potential difference and current under fuel cell stack operation in order 
that invention according to claim 4 may solve the above-mentioned technical 
problem, An internal resistance presumption means to presume the internal 
resistance value of a fuel cell stack based on the volt ampere characteristic which 
this eleetrieal-potential-differenee amperometry means measured, It is the fuel cell 
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which makes it a summary to have had a damp or wet condition judging means to 
judge the damp or wet condition of a fuel cell, based on the comparison with the 
certified value beforehand remembered to be this presumed internal resistance 
value. 

[001 7] Invention according to claim 5 makes it a summary to have had further a 
thermometry means to measure the temperature of a fuel cell, and a certified 
value modification means to change said certified value based on the measured 
temperature in a fuel cell according to claim 4 in order to solve the above- 
mentioned technical problem. 

[0018] An influent daily dose detection means to detect the moisture content of 
the fuel gas which flows into a fuel cell stack, and oxidation gas in order that 
invention according to claim 6 may solve the above-mentioned technical problem, 
An effluent daily dose detection means to detect the moisture content of the fuel 
gas which flows out of a fuel cell stack, and oxidation gas. It is the fuel cell which 
makes it a summary to have had a generation moisture content presumption 
means to presume the moisture content generated inside the fuel cell stack, and a 
damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell based on said moisture content, influent daily dose, and efFluent daily dose 
which were generated. 

[0019] When it judges with said damp or wet condition judging means of humidity 
being inadequate in the fuel cell of claim 1 thru/or claim 6 given in any 1 term, 
invention according to claim 7 makes it a summary to have had further a load 
limitation means to restrict the output of a fuel cell, in order to solve the above- 
mentioned technical problem. 

[0020] Invention according to claim 8 like the humidity distribution formation fault 
which forms relative humidity distribution of fuel gas and oxidation gas in the eel 
array direction of a fuel cell stack in order to solve the above-mentioned technical 
problem The electrical-potential-difference detection process in which the 
electrical potential difference of at least two eels chosen from two or more eels 
which constitute a fuel cell stack is detected. When the distribution of voltage for 
every eel was investigated, and low [ compared with the electrical potential 
difference of a eel with high relative humidity ] and the electrical potential 
difference of a eel with low relative humidity judges with humidity being inadequate 
in the damp or wet condition judging process judged as the humidity of a fuel cell 
being inadequate, and this damp or wet condition judging process. It is the 
operating method of the fuel cell which makes it a summary to have had the load 
limitation process in which the output of a fuel cell was restricted. 
[0021] The electrical-potential-difference amperometry process which measures 
the electrical potential difference and current under fuel cell stack operation in 
order that invention according to claim 9 may solve the above-mentioned technical 
problem. The internal resistance presumption process in which the internal 
resistance value of a fuel cell stack is presumed based on this measured volt 
ampere characteristic, When it judges with humidity being inadequate based on the 
comparison with the certified value beforehand remembered to be this presumed 
internal resistance value in the damp or wet condition judging process in which the 
damp or wet condition of a fuel cell is judged, and this damp or wet condition 
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judging process, It is the operating method of the fuel cell which makes it a 
summary to have had the load limitation process in which the output of a fuel cell 
was restricted. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the whole block diagram showing the configuration of the 1st 
operation gestalt of the fuel cell concerning this invention. 
[Drawing 2] It is the whole block diagram showing the configuration of the 
modification of the 1 st operation gestalt. 

[Drawing 3] It is a flow chart explaining actuation of the 1 st operation gestalt. 
[Drawing 4] It is drawing showing the example of eel distribution of voltage over 
the eel location in an inadequate damp or wet condition. 

[Drawing 5] It is drawing showing the example of eel distribution of voltage over 
the eel location in a moderate damp or wet condition. 

[Drawing 6] It is drawing showing the example of eel distribution of voltage over 
the eel location in a superfluous damp or wet condition. 

[ Drawing 7 ] It is a flow chart explaining actuation of the 2nd operation gestalt. 
[Drawing 8] It is the whole block diagram showing the configuration of the 3rd 
operation gestalt of the fuel cell concerning this invention. 

[Drawing 9] (a) When the moisture in the film decreases and (b) hydrogen partial 
pressure falls, it is drawing which is the case where a hydrogen partial pressure 
falls after the moisture in (c) film had decreased and in which showing the example 
of representation of the current-voltage characteristic of a fuel cell, respectively. 
[Description of Notations] 

1 Hydrogen Feed Zone 

2 Air Supply Section 

3 Humidifier 

4 Fuel Cell Stack 

5 Pump for Fuel Circulation 

6 Check Valve 

7 Cooling Water Pump 

8 Radiator 

9 Method Valve of Four 

10 Thermometer 

1 1 Control Unit 

12 Cooling System 
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DRAWINGS 



[Drawing 1] 
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[Drawing 6] 
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[Drawing 9] 
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(2) 



i^Bia 002^-164065 



« c i: ^ ^ta^-r -SW*^ 1 EK<0*K««Jte, 

tB«E<Dgsi|s^m7ll!, 

««a!!<7> * * ^ $ij * as A »J K^S i: . 

jlil. 



St. 

^ « ^ fc C t ^ i: ^ 4 

<7)l^■r*^A^ 1 «EKfl)«#*«5l!l. 

**xjiy:tt<b:tfX<©ifa«igSi^4li*J»^-r4;SK»?i|jJK 

1l(rE»l£$t1.t=«l±«3S^1tl~s-:5l^r. mnwmx^ 

MEjIiBttJSWSiaST'SJI Lfc fc 

«Kf4K%(Dm A £«ijfs-r ■& as A«<j@iag <!: . 

[0001] 
[0002] 

*:^Sl>i5SS^:i»^bS*<- J: *lfe«jasl<bfl>|J!Ijai= 
[0 0 0 3] «*J«Jte<7)m-b;U±. -f 

-5, ^■LT2oa)«ffi(c^;K-e*taist:b*xta<b**x. 

[0 0 0 4] «l44Kmo«-tr;U(D9tta<i3b:S«:Ali, |() 



(3) 



^Bi 2002 — 1 64065 



1. 2V,!:fiU0-c. affi«a-b;u$a^Ste-CIt5iJSI 

[0 0 0 53 ca>J;3^EfiS^4mjfefl5)StEl3teL^TSS'S: 

^m«SISa)jl5@ttSI^MiElr*]^-r -soffit LT. !f# 
Baqi7 - 2 2 O 4 7#^^|H©<DfiitS*<»] t>nTtN-S„ 

T«g«**X * l*K<t *X ©UnSfi* satis L T L^fc . 
[0 0 0 7] 

[0 0 0 81 -tIBttJfcfiEfBI*, tiJ*«3itl-*t-r-5 

[0 0 0 9] ±IEtJe*fttgli. Tv'-K&u:* 

SiJA<*iJ^-C-$^/cto. ■^m^^al*lHlaA<B»t•CfeSi:L^ 
[0 0 1 o] eUt<7)Fo1S^I=ffi^:*:*?Bfl>afl<]l±, «*4 

m/=fe<7>ftH2;n=#ffBma*i6it -s c t < . ssttsis 

[0 0 1 1] *fc*flW«)B»tt. ^l::«««7l!j©Hi* 

[0 0 12] *e.ic*;*iB(Dafl<)i±. miEtjimm^mti^ 
e> iSfM* ttS£*s© L^r +L<7>:5 1^ i=^» L fc ^ S! 

[O O 1 3] 



[0 0 14] m^^z^WLoimm. ±iess$«di-r 

*fcto. W^m IStto^,*4mjfei-fcL''r. l!iie;1S5^ 
[OO 1 51 iS*S3fE®©f|B^ii. -hfHSiiS«3i-r 

•5f=to. i»*«iiB®ro^i|!4mjiiii=fct>T, fiieagiJ' 

^' •^(D55a:^is] t ;^in7K35A:«risi i: $«i-iS»:»iRi <t L . 
«*4S5t!ix ^7 a)-ti;uE^J:^ia]icjK*»*x&u:ffilb** 

[0 0 16] i«*a4iEKa)f6B^i*. ±tE^a^«a-r 

[0 0 17] Km^ssieea)^!^!^. ±?immim^i- 

-Sfcto. i»^II4i^fEa)«J!|i4«jl!!l-tet^-c. «$*4mai!co 

[OO 1 8] if*^6isKa>f6B^(i. ±ia^s^f»gi-r 
*fcto, ^«^mjiiix5«-y^'N.35x-r'SJS*4**;i.ao:K<b 

jftx^i 'v^7ANe,3itas-r^«s*4**;^ai/K'(b**xco*«-a 

[0 0 19] mniJS7nm<DfkBfiit. ±nsim^m^i- 
sfcto. Si 1 '^EL^ Lffi** 6 ©L^-r*i.A^ i ^ek© 



(4) 



1#M2 O 02—1 64065 



[002 1] w*3S9 8aiE®fe?§i±. ±ESS^«3fe-r 

«J|Et«ahx^"v<7iS<£4"©«IEi:«3Si:^»IS 
[O O 2 2] 

2-3o-b;Ko«Esaai-r'6«ffttaiJfst. d><c<t 

i|!4«aiCDjl«tt8IA<7K^^>af!lA^7K^J-^SA^*jE«tlc!|yJS 

■t«c^:3b<-e#«i:L^•53a**i^■^-*. *fcaa««i© 

[0 0 2 3] l»*«2|2tt<7)*^l-^iX(i. W^^IIH 



[O O 2 4] tt^4l3tBtt(0%qSI=<»:tLtf, 1 IB 

« y »x«itessitT5i^ai¥^fa^«$tiz-r i) c <t < . 

[0 0 2 51 l«*«4tE«a>#liai-J:illf. «i^«JfeX 
Wit. K«EE«3aa<^^|gA<a<^LfcSBE«j3!£!^t4l::IE 

**«JS-r -S A<r # 4 i: L^ 5 SftlR * H-r -5 . 
[0 0 2 6] IB*^5IB«(73^^|ZJ;^1«, 313531485 

as(«¥Si, all^*4^fcS]gl-*•:^t^xlliIfa«^^nt^ 

5 c: t )!i<T- # ^ 5 **-r . 
[0 0 2 7] IR^968gn<0f£^l=J:til2. «Kil4«.1!!X 

^ -v^-^aA-r-SSKilst^'XRlXK^b^'xcDTk^^M^Siaj 

■r4K«;tfxai;»'ib^xa)7k»»i&giai-r-5aEffi7k» 

i:l-J:y. «*4S*x4"y'>rtaJc07K5^«0)iE<bHS£ 

i: A<-e # * i: 5 * lit- -5 . 
[0 0 2 8] ai^«7|Btt(7>flQqi=J::Klf, tt^lS 1 I'j: 

[0 0 2 9] mi!R^stima>nmziiia[t. mnn^i^T, 



(5) 



^BB 2002— 1 64065 



l-S-^L^T^*4mJi!l«>;aJattSA^*^}■iaf|JA^7k«■^EA^ 
fcjliltt^cD*iJSA<iEJSlc/j:i,fl)T-. ^g/jr^k^/N'-i? 

[0 0 3 0] giS^^9SBea>flB^I=J:;K(£. 
[O O 3 1 ] 

cm 1 ©ntsj^siD 1^ 1 1*, :¥-%mizm?>mnm?t>(Dm 

;^ (KIT. tK^^^*;^) ^BrMroiE* • 3SM-c«ji&-r 
7km^**"X©ja»3il*R6Jt-r-5ia»it#6i:. «J|!4m 

10 0 3 21 mnm.^:^^ -J <?4izii^ 7.^v^t:m^ 

■r-Sttiaa)42-»l'A''t.Sli*ifc2-DlU±c04z;U. »*L< 
[O0 3 3] >^ai^1 21*. «!|4mjfeX^i->^?4<3!)rt«|l 



vJx— ^ *fcf±^ vx— ^ i: ^ iJx— $1 -pTXOm 8 
jS!|stmJI!lX5'-y:7 4lz3S^x*y&Jpjk(©:&(Si|$SK* 

[0 0 3 4] -t-Lr, Jtaiail 2(±. SEE^{li#Slz«fc 
JKfiE^IS ^ HlfiE L T ^ . 

[0 0 3 5] ^tzmm&m 1 1 1^. *.mmitm i . ssi 
et*&s»2xt/sgti-i oANt.ro^iiim^*5m-r-5- 

Tk^^j&gBi. 3gafitl&SB2. >^sp7k^>::f7. 4 

[0 0 3 6] i 2|zJ;^fflJt-lg^i-^jKJ5£ 

2ANC,«t$g$ti-&7Km$^:tfx&i;s§ll*. mm^a^ 

JiiaLs JSaJEEilitir^Eofc^. SSi^mafeX^ •:/-i7 4<D 

it. UaUS 3 iz J: I-) &^l&teiMm\zMiMiixfz^. I&n 
mjfeX^i 'v^; 40P«gaJ$:6AxC,2E'vaS*i.-i)lcfi£or, S6 

[DO 3 7] 5^ai7k:^ini$^ygx-5 4^#9ii. w 

Z^*tlcJ:yjSS!|^a/=feX^-vJ7 4$3!f+L^>^ai7kli. il^ 
ifeX*'y^?4rtO!)iaS»fl>l4. 04'*fijA<ffi<. SffllA< 

Co 0 3 8] -ys, jiattsi*iJs©y=toromEH^B#(c 

<'Ei:-S. «eo-C. «EEa!l^B#a)«J|^m5l!lX$i>>^4(Ota 
[0 0 3 9] d(DJ:3'Sffi*t;Sg»^li^Ji$filtLfc«JI 

^i-iiZttztj:^^ 

[0 0 4 0] las. mmJSJKSflJ^Ji^^iliu-c. iSiSjl 

JfeX ^ -v ^? l=ffi«5ia»fl> ^5izLX=tJ: 



(6) 



4tBfl 2002— 1 64065 



[OO 4 1 ] mT^t&^l$iOWi«pt:^3(Dya— 
^A-— h$»!HLTMIBr-5. %-t7.=rv^ (JUT, 
T^-yt^^StBS-T) 1 O 1 ■^«!|stmj|hx^i'v^»aH£4'05 
«3S&U:«IE®ttaiS<Ta. ?»LXT?S 1 0 2-C-I4. Z.<Ji 

l(i»»fl>«ia7a-S3llfi-r*Ct^i:<. SO:s i oi 

[0 0 4 2] «ffi<£TA<B«ft>c>*tfcB#l±. «II*ffl9Ifz 
lHlttr-<<s «IH£T0!)ISH*»)t<fc<*!IS-r-5!a.53!i< 
fc-5i **ltfl^B-C(4S 1 O 3T?*JR-V>ffifti:Uo 
fc:tfXfl)««st«jib;^^ 4--.(OAtb;>3:^|S]i:l±iS:^|pl 
lc?hai7k<7>«3B:»lRlA*!ii:'S J: 3 C; 4 ^# 9 * tJI y StL 

[0 0 4 3] 1^. ia2i=^Lfrmi sii&}^ai<os}^^a> 

J:5I=, K««*X^'j»^?'>.©;*»7ka>3iEA?5lS| Affile 
3ld:4flS$ti'&. 

[O O 4 4] */c, S 1 O 2T-l4«ttfiT<D*li^*(|S 

r-Si: LTL^*A<. SI 01. S 1 O 2 SfiillS LT, S 
1 0 3JSlT©«i3a^S}W»l=Slft-r-6«fiEi:LT*,* 

[0 0 4 5] -b;HB5iJ»l^.l*ffljy;aS®«-?lTJb< 
J»«$*tfctt»-C. S 1 0 4'T5«*imjfex^«:5/^*«fiE 

[0 0 4 6] ;J^L^T•. SI 0 5T-I±. #-fe;Ua){4«|zd; 
[0 0 4 7] 0 4(±. «-bJHia(::*tlS-r-S-tr;u«J±^J- 

<fi^^=i '{i:«lR]A<f9t>ti.fc«^t=l*. BIA<+»lzSa 

[0 0 4 8] C*H4. ffl*f3Bffia)«Uffl^J-©-b;K3!)«E 
^BS^SSroS5t^-tr;KD«)±i:y^eL^Zi:^36l*LT 
fc y , fili*.ffijysSa)ffiL>SS«-o)-ir;u<DBIA<+^^iz;i« 

[0 0 4 9] *fcBl5l3*-ri:3'E£4z^U«BE»*A<f§& 



[0 0 5 0] SSi, *3ei6}KSSI=fct^TH6l=*-r<J:5<i: 
«B»®42;umffA<, :*fXtaPffia>ffl>PtSS(0«L>gS5^<7) 

ff*y. SIS^aroft«l=J:y«ffA<«TLTL^4^:*l 

[0051] IU±(DJ: 5lr, «ffifiT©ffiHA*KtD»£*t 

rcj:«,^,®i:*ij»f*tifc«^. fi8S«Jt!lX^i<y^tU*^ 

l=*iJ»-r-6 (SI 0 7-1 0 9) , irl^Klc, K*4«JI!j 
[0 0 5 2] c:*iiz*y±(a©$!i»^si4, «»«5fex 

[0 0 5 3] (St. «S^«JfeX^-y^7©tll^3»IISI*. SI 

0 4~si o 6©<fe5i-«-b;u«iEro<4«(3)*;i:fc^siS] 

(-<fcyfll©Satt9l*«I^Lfc«^lCj:oTtToTtJ: 
[0 0 5 4] Sfc. •:/^7©«)±^aj:^j£D*ij 

«3S«fl<»«fifeM*©DC/DC=I>/< 
[0 0 5 51 «E«T®ISHA<a©$£«lJa*i--^fc 

$fT5 (S 1 1 O) . 

[00 5 61 -ffiJtLTIi. *3flA<flia3^T-fe«,lt*l= 

[ o o 5 7 ] CIS 2 <DSSs£)^is] ;t:3ii&)^aio«fiei±% 

10Sll63K!B**-r®i tra— *3lffi}K« 
l-teu^Tli. :tfxa)3gA^iSii:Hfa]7ka)3SA:»isi*i£>-r 

[0 0 5 8] H7l-:*;581fi^!BI©PP— ^A-— hS*. 



(7) 



*$gH2 0 0 2-1 6406 5 



[0059] czxax^i^aJfifiifiiitfigli O (a) 

[0 0 6 0] iPt>. +5^-^511 LTl^^^l^. ^10 (a) 

J: 5 3S fl^-^ «»-r * C I z 35: -5 « 
(b) ) fi. Ha);^SttSlf±2i^f£36^ iST^O^tkm (55 

a^j^m:^) 3^)<ls^yaiLfcmaElc*^LTa«]-elt^i:l^i:*IJ 

[0062] O (a) tm^ O (b) CDtt3l3b< 

I^Btlz^^-r^ii^fcfi. m^o (c) lc:^-rc*:5?5:m 

[0 0 6 3] felTlc. «SJl4mH!lX^i'y^a>aHi*lcj|!l^ 
[0 0 6 4] *-rS20 1-C8IS[^lB$aija)J«J|4®5feX5r«y 

[00 6 5] S204TMi. tSfl^*tLtcm3tRi;mBE(7) 

[00 6 6] fsi. ^sfc^icDmss/miicoMT— ^eis 

*464S/Jv2^a-V>, m?Lii^mW-e-l 7 48 0 8-^ 



[0 0 6 7] ja±a)j:5 55::fe.*-e*4^)trBSitiagB(D<s# 
tt(z>^*ttiitsi^-T% fe'Sm3£<iJa±a>ii^(zmi±a)ffi 
[0 0 6 8] fsj. e5*4m.^c7)f^a5saf±. ^ffi<7)fitn:. 

[00 6 9] cmatDHlteJ^^] ^8li. :*:SIB^l3-e6-5 

L. 4:&#9$ffl^LTteS*4m*x^*y^4-.(^);^a* 
35A:*|pI$**XSSA:&rSltSl::|^-t L. 

[00 7 0] fiP*>e5*4mjtHx^ *:/^4-.7K^«i&eiJi 
f,atA-r*7K5^35a*«a3-rs7k»3S[aaai^S2 1 

Sfem^©2 2i:. ^^fit*&g|5 2 3{)xt>35A-r'57K^3SaS 

'efetti-rs7k»3sa3Kai^S2 3 ffiaa3Pa>3b^c,3Eai 
•r'2>7k5i'gia*^ai-rs7K5a^3tfi«iffi^K2 4 1 ^161+ 

TL>So ::+i^co7k^3Sfteiai^l£2 1 . 22. 23. 
[007 1] *fc®J»^Ml i-^rli. fiS*4m*X^*v^ 

-e^fiE**Lfc*»as;it^-rs^a*<sitt>*i.rt^So 

[o o 7 2] ^nWf^T.^ -j"? ^a>XU(r>^miSLXS'^% 
*a)7k»3Sa^t+A<*:#Jtix(i. H)!i^f>*^a)^x*iz 

[0 0 7 3] 3£icffiP(07Kma«sa*a)7k»a^ti-3!)< 
ca)7ic»a)^-iba*a»'r a i: J: y es*4mifex^ 

So 

[gl®C7>fi!#^i:ift0^] 

[gi 1 ] ^%mz%^imm.^<r>m ^ a>mimm(nm& 



(8) 



2002^1 64065 



[03] mi ©SISE^SSOTttf^^K^-r-S^^a-^A- 
[04] qF+^^JttilJSttHSIrfcMta-b^UttBlz^-rS-b 

[07] ?S2©seiE»»©«i<**iftM-r«7P-^-v- 

[08] :^f£^(c^i>«Kii4«,%(0m3O9IM]^j||a>«JiE 
$^-r^ft:4«^0-?A.&. 

[0 9] (a) BI*fl>7K»A<3«'>Lfc«^> (b) TKSe 
^BEA^ffiTLfcli^, (c) LfcttSI 



«m!^!±©ftseij £*-r 01? & -s . 

2 

3 mms 

5 «*4(iatffl^>^ 

6 3iJh# 

a ^iJx— ^ 
9 4:&# 
1 o Sfttt 
1 1 «iJ«iS« 

1 2 JtSl^ 



[01] 



[02] 



,11 



^12 



.11 



6 3 




[@4] [135] 
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[@3] [@7] 




831 



